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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a hard film-coated tool that involves an Improvement 
in the oxidation resistance and coefficient of friction of its hard film and is applicable to dry and 
high-speed cutting. 

SOLUTION: The hard film-coated tool has a hard film of an at least two- alternated lamination 
of an A layer having chemical composition represented by (Ti1-a-bSiaVb)(Nx01-x) wherein 0 
<a^0.5, 0.1^b<0.7 and 0.5<x<0.999, and a B layer having chemical composition, represented 
by (TiAI)(Ny01-y) wherein 0.5<y<0.999. 
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DETAILED DESCRIPTION 



Petailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the hard-anodic-oxidation- 
coatings covering tool used for cutting, such as a metallic material. 
[0002] 

[Description of the Prior Art] Generally TiN, TiCN, TiAlN, etc, are used as a coat of a hard-anodic- 
oxidation-coatings covering tool. Since TiN is comparatively excellent in oxidation resistance, the - 
outstanding abrasion resistance is not only shown to the face wear of the tool produced by generation of 
heat at the time of cutting, but it is the description that adhesion with a base material is also good. TiCN 
shows the property which was excellent under the cutting conditions accompanied by adhesion to flank 
wear and a tool in order to show a high degree of hardness and low friction compared with TiN. It 
stopped however, showing sufficient oxidation resistance and abrasion resistance by the above- 
mentioned hard anodic oxidation coatings to the high speed inclination of the cutting speed aiming at the 
high promotion of efficiency of metalworking. 

[0003] The TiAlN coat which the research which raises the oxidation resistance of a coat more is made, 
consequently is represented by JP,62-56565,A and JP,2-194159,A from such a background is developed, 
and it is applied to the cutting tool. Although a TiAlN coat changes with component ratios of Ti and 
aluminum contained in the coat, since oxidation resistance is excellent compared with said TiN and 
TiCN, the edge of a blade raises [ the Vickers hardness number of outiines 2300-2800 / not only /, but ] 
the engine performance of a cutting tool remarkably in cutting of the temper material which reaches an 
elevated temperature. ^ • 

[0004] 

[Problem(s) to be Solved by the Invention] However, are seriously taken on an environmental p/oblem, - 
tiie operating environment of a cutting tool is still crueller, and the present condition is that it is not , • ' 
satisfied with the oxidation resistance of a TiAlN coat of cutting in dry type enough in addition to the 
inclination which cutting speed accelerates further in recent years. ^ 
[0005] Coefficient of friction of a coat and oxidation were specifically considered inainly, and this . 
invention person clarified the fault which happens first when each conventional coat is used^y the 
severe condition in recent years, and the point which should be improved. 

[0006] As a result of measuring coefficient of friction of the various hard anodic oxidation cOatingsLjat 
the time of making partner material into SKDl 1 temper material, and making relative velocity into 100 
m/min, for TiN, 0.6 and TiCN were [ 0.3 and TiAlN ] 0.7. In this, TiCN witii the smallest coefficient of 
fiiction shows the outstanding engine performance by dry type cutting with comparatively low cutting 
speed. However, the property of a coat is not fully demonstrated under the high-speed-cutting condition 
to which the edge of a blade reaches an elevated temperature more. It turned out that this reason is for 
forming Ti oxide with a TiCN coat very porous on a coat front face at about 500 degrees C. 
[0007] Then, the oxidation initiation temperature of each coat was investigated. According to this 
invention person's etc. research, the oxidation initiation temperature of each coat in air improves at about 
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750-850 degrees C to being about 500 degrees. C at TiN according to the addition of aluminum by the 
TiAlN coat by about 600 degrees C and TiCN. 

[0008] Since the edge-of-a-blade temperature of the tool which oxidation initiation temperature uses in 
dry type high-speed-cutting processing of temper material also by comparatively high TiAlN in this 
reached an elevated temperature 900 degrees C or more, it turned out that it cannot deal with 
improvement in the speed of cutting speed enough. And it turned out that exfoliation generates a TiAlN 
coat easily at the time of actual cutting since it forms precise aluminum oxidation protective coat in the 
outermost layer by extroversion diffusion of aluminum, and porous Ti oxide is formed directly under 
aluminum oxide in a static oxidation test, although the comparatively excellent oxidation resistance was 
shown. From the above examination, it was thought first that hard anodic oxidation coatings needed 
oxidation-resistant to be improved. 

[0009] Moreover, also in the diy type high speed cutting of non-temper material, the TiAlN coat with 
large coefficient of friction like the above in addition to the rise of the edge-of-a-blade temperature of a 
tool has the intense adhesion of the **-ed material to a lifting and a tool cutting edge in **-ed material 
and a chemical reaction. The coat which **-ed material agglutinated became clear [ that drop out easily 
and sufficient abrasion resistance is not obtained, either ]. From this knowledge, it was thought that hot 
coefficient of friction also needed to be decreased. 

[0010] Let it be a technical problem for this invention to improve the oxidation resistance of hard anodic 
oxidation coatings, and coefficient of friction, and to offer the hard -anodic-oxidation-coatings covering 
tool corresponding to dry-lype-izing of cutting, and improvement in the speed in view of such a 
situation. 
[0011] 

[Means for Solving the Problem] The result to which the artificer etc. carried out examination detailed 
about the effect of various elements affect the oxidation resistance of hard anodic oxidation coatings, 
abrasion resistance, and coefficient of friction, and the layer structure of a coat, hard anodic oxidation 
coatings (NxO 1-x (Til-a-bSiaVb)) - however, with 0<=a<=0.5, 0.1<=b<=0.7, 0.5<=x<=0.999, and the 
A horizon that comes out and consists of chemical composition shown (TiAl) However, header this 
invention was reached [ that the engine performance of a cutting tool becomes very good in dry type 
high-speed-cutting processing, and ] by considering as the hard-anodic-oxidation-coatings covering tool 
which carried out the laminating of the B horizon which consists of chemical composition shown by 
0.5<=y<=0.999 more than two-layer by turns (NyOl-y). Furthermore, as for the above-nientiqnediiard, 
anodic oxidation coatings, being covered with physical vapor deposition is desirable. 
[0012] 

[Function] An operation of each of that configuration is first described in detail about.the A horiz(Ont)f a 
publication among a claim. (Til-a-bSiaVb) However, Ti system acid nitride which consists of 
0<=a<=0.5, 0. l<=b<=0.7, and 0.5<=x<=0.999 has coefficient of fiiction very as low as about about 0.4 
in the inside of air (NxO 1-x). This reduced cutting temperature remarkably and checked controUing- 
promotion of oxidation. This is mainly based on the addition effectiveness^f V. 
[0013] Furthermore, depending on the addition of Si, it found out the oxidation resistance of the coat 
itself not only improves, but that oxidation could not advance easily at the time of the use as an actual 
cutting tool. This is for forming the very precise oxide layer containing Si or V used as an c»cidation 
protective coat in the hard-anodic-oxidation-coatings outermost surface after oxidation of Ti system acid 
nitride, and not forming porous Ti oxide leading to [ of an oxidation protective coat ] exfoliation directly 
under it. Therefore, oxidation initiation temperature is extremely elevated-temperature-ized compared 
with the conventional TiAlN coat. Moreover, oxidation resistance improves further by carrying out 
optimum dose addition of the oxygen other than nitrogen as a nonmetallic element. 
[0014] The presentation of the metallic element of the A horizon which constitutes the hard anodic 
oxidation coatings of this invention needs a and to satisfy a formula b each called 0 <=a<=0.5 and 
0.1<=b<=0.7 in (Til-a-bSiaVb). When the value.of a exceeds 0.5, the internal stress in a coat induces 
the autoclasis greatly, and the above-mentioned oxidation resistance is not shown. When low coefficient 
of fiiction with the value of b sufficient by less than 0.1 cannot be obtained and 0.7 is surpassed, the fall 
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of the hardness of a coat becomes remarkable and it becomes impossible moreover, to be equal to the 
use as a cutting tool. 

[001 5] Moreover, in the case of the acid nitride concerning the above-mentioned A horizon, it is 
required to satisfy 0.5<=x<=0.999 at NxO 1-x, and when the value of x is less than 0.5, the degree of 
hardness of a coat falls remarkably and does not show sufficient cutting-ability ability . On the other 
hand, if 0.999 is exceeded, the contribution to the anti-oxidation disposition top of a coat decreases, and 
it is not desirable. 

[0016] Next, an operation of a B horizon is described. Although the above-mentioned A horizon has 
static and the oxidation resistance, and low friction which were excellent under the dynamic condition, 
its internal stress of a coat is high and it does not show cutting-ability ability sufficient as a single coat. 
Then, it is necessary to use together the B horizon which has the outstanding adhesion, abrasion 
resistance, and oxidation resistance. It is required to be satisfied with the presentation (NyO(TiAl)l-y) of 
thisB horizon of 0.5<=y<=0.999. When the value of y is less than 0.5, the degree of hardness of a coat 
falls remarkably and does not show sufficient abrasion resistance. On the other hand, if 0.999 is 
exceeded, the contribution of oxygen to the anti -oxidation disposition top of a coat decreases, and it is 
not desirable. 

[0017] It becomes possible [ obtaining the cutting tool corresponding to dry-type high speed cutting very 
importantly consequently ] to carry out the laminating of the B horizon which has the abrasion 
resistance and the oxidation resistance of adhesion with a base and the coat itself with sufficient balance 
in this invention, and the A horizon which is excellent in oxidation resistance and low friction more than 
two-layer desirably by turns, respectively as mentioned above. 

[0018] Although it is not limited especisJly about the covering approach, when the thermal effect to a 
covering base material, the fatigue strength of a tool, the adhesion of a coat, etc. are taken into 
consideration, as for the hard-anodic-oxidation-coatings covering tool of this invention, it is desirable 
that it is the physical vapor deposition which impresses bias voltage to a covering base side, such as arc 
discharge method ion plating to which compressive stress remains to the coat which could cover with 
low temperature comparatively and was covered, or sputtering. This invention is explained based on an 
example below. 
[0019] 

[Example] The various targets made from an alloy which are the evaporation sources of a metal 
component using an arc ion plating system. And tiiat by which the target coat is obtained from N2 gas . 
which is reactant gas, and N2 / 02 mixed gas is chosen. 2 cutting-edge end mill with an outer diameter 
of 10mm which is a covering base under conditions of the covering base temperature of 400 degrees C, 
and 3.0Pa of reagent-gas-pressure force made from cemented carbide. The potential of -150V was ^ 
impressed to 6 cutting-edge end mill with an outer diameter of 8mm made from cemented carbide, and 
the insertion made from cemented carbide, and membranes were formed so that the thickness of all coats 
might be set to 4 micrometers. First, membrane formation sequence formed the. A horizon for the B ' 
horizon next, and repeated this according to the number of laminatings. Tht presentation of the A 
horizon of each sample and a B horizon and the total number of layers (A number5)f-layers +B number 
of layers) are shown in Table 1 . 

[0020] ^: 
[Table 1] . 



http://www4.ipdl .ncipi .go.j p/cgi -bin/tran_web_cgi_ejj e 



5/27/06 







AS 
/VEf 
















TO* 












■it 


1 
1 








1^/3 


Oil TC 

04.f3 






o 


\ I i:>eoiQiiVcMwH>9n,Aav 








a4.UU 


0.11 


m 
^n 




^ 1 D45Ola«VQ0QAIw>UQ1V 




o 

£. 






OliU 


im 




^ 1 loMOlacBVaiqAJ^PO^Jhav 




o 

41. 


i AO CA 

i/y Dil 


04./D 


OLIO 




c 

o 


Viia3iSboiVMvU>ttU9i/ 




z 


i oo CA 

IZZ^ 








Q 




\ 1 l/iUU>bfsLlxv 


o 

z. 


i OA CA 


OA CA 


O AO 




/ 


V 1 basofaii Viiav(J>baiUb<v 


rT;A(YKL_yv_'N 


A 

4 




4A cn 


o oo 




o 
O 


« \A- VKL_.W___\ 

V 1 boSkmVuiAriMMaQi^ 


AnAft/ki r\ \ 


A 


iOA KA 


oo TIT 


111 




A 
9 


\ 1 bsD54mVo«Ari]eAJQit/ 


^a(Ykl--/\. ^ 

ViinlAiwAJbiv 


A 
£ 


1 0A 7^ 
l^./3 




^Uo 




1U 


At: \/ YKL_^r\- > 
V 1 iMVQsiArtiBDdUbflo^ 


ATiAJVKL^yV ^ 




-117 KA 


OO 7(7 

Za/D 


o oc 
22 




11 




ATIAlVkL—^ \ 


o 

c. 


IIOlOO 


il/.OO 


O 1C 

Z1& 








AnAlYpo. /V ^ 


A 


-f 4A7C 


rn rfT> 


^11 








AriAiVki \ 


A 






40A 
ZZU 




14 


V 1 ia9aiVttiw>luBvJae; 


AnAlVkL—ZV \ 

ViiAlArfaiBlJfafl/ 


o 


IIU/9 








4K 
IP 


At: \/ VkL„/v > 




A 
Z 


A m CA 


27.^ 


4 AA 

1.99 




III 
ID 


ATI- %/ vkl .Ak. ^ 


An AfVkL _^AV \ 


0 


SBL/D 


23l75 


A 4 A 

212 




1/ 


\ 1 tafrVbsiAriuAJbflU 


AfTAlVkL—rV ^ 


m 
lU 


IfVl CA 


A/d 






lo 




Ar:AfVkL_rv \ 


A 

Z 


AC AC 


OA Tie 
Z4l70 


155 




19 


At: \# Vkl ^ 




18 


AA ^VS 


OA AC 


4 AA 

1.96 


XL 




AT!_ M \i VKl \ 




Z 


ilC CA 


8.79 


4 4A 

1.1Z 




21 


Art \/ Vkl ^ ^ 


An AlVki \ 


2 


45.75 


8.75 


1.CS 


m 








5 


CO CA 


O CA 


1.09 






At: V/ Vkl YV > 


An aiYkL/V \ 


/ 


4a /D 




1.1 Z 




Oil 

24 


\l Vkl ^ ^ 


^TAfVkl \ 


2 


CO CA 

58.50 


A 

8.^ 


0^ 








An AfVkL f\. \ 


D 




5l25 


0l55 




26 


At: \/ Vkl % 


AnAiVki \ 


2 


61^ 


11^ 


1.24 




2/ 


An o: \/ Vkl \ 


AnAlVki \ 


2 


6Q50 


1225 


4 A*V 

1.27 




Zo 


An o: \t Vki \ 


^Tl^lA^lladGb^; 


2 


61.50 




1.09 




oo 


Criiaiy(»XNL»Q»d 




^ 


22.50 


225 


0.77 




JU 


Crbl9Sia«VuO(^^^ 




1— 


4 A CA 


A AC 


A AC 








CriAO(N»QxiO 




9A/U 


I«3L«jU 






32 


CThisXNLaO 




31^ 


450 


1.12 




33 






4a50 


4^ 


1.46 




34 


(TiMAIosiXNiad 




42.50 


1275 


1.35 



[0021] The cutting trial was performed using the hard-anodic-oxidation-coatings covering end mill afid 
hard-anodic-oxidation-coatings covering insertion which were obtained. The tCNol life was made into the 
length of cut when a tool becomes cutting impossible by a chip or wear ofthe edge of a blade etc. A 
cutting item is shown below. ^ " 

[0022] Two-sheet cutting-edge end mill cutting conditions were taken as side-face cutting down cutting, 
**-ed material S50C (hardness 220HB), slitting AdlO mmxRdlmm, cutting speed 250 m/min, delivery 
0.06 mm/tooth, and the Ayr blow use. 

[0023] Six-sheet cutting-edge end mill cutting conditions were taken as side-face cutting down cuffing, 
** material SKD 1 1 (hardness 62HRC)-ed, slitting Ad8 mmxRd0.4mm, cutting speed 150 m/min 
delivery 0.03 mm/tooth, and the Ayr blow use. 

[0024] Insertion cutting conditions were taken as tool configuration SEE42TN, beveling processing with 
a width [ of 100mm ] x die length of 250mm, ** material SKD 61 (hardness 45HRC)-ed, 2.0mm of 
slitting, cutting speed 150 m/min, delivery 0.15 mm/rev, and dry type cutting. A test result is written 
together to Table 1. 

[0025] The examples 20 and 21 of a comparison are examples of a comparison when there are too many 
amounts of Si and V respectively, and are short by coat exfoliation. [ of a tool life ] It is an example of a 
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comparison when there are too few amounts of V, and the example 22 of a comparison does not have the 
enough oxidation resistance of a coat, and is short. [ of a tool life ] It is an example of a comparison 
when there are too many amounts of V, and the example 23 of a comparison has the remarkable degree- 
of-hardness fall of a coat, and is [ flank wear is large and ] bad. [ of abrasion resistance ] In connection 
with the edge-of-a-blade temperature rise by friction, joining happens in an example when the example 
24 of a comparison has too few amounts of V, and a surface to be machined does not show a dry area 
and sufficient abrasion resistance. The example 25 of a comparison is the case where there are too many 
amounts of oxygenation, and sufficient coat degree of hardness is not obtained, but flank wear becomes 
large, and it is short. [ of a life ] Although the amount of Si and V is the range in a claim, it is an 
example of a comparison when O is not added by an A horizon or the B horizon, and as compared with 
the example of this invention, its abrasion resistance is not [ the examples 26, 27, and 28 of a 
comparison ] enough. Although the examples 29 and 30 of a comparison were the single coats of an A 
horizon, exfoliation of a coat arose at an eariy stage, and they became a short life. Although the example 
3 1 of a comparison is the single coat of a B horizon, its abrasion resistance is not enough. 
[0026] A tool life improves remarkably synthetically, v^thout wear advancing rapidly by exfoliation, 
since the B horizon which there were also few rises of the temperature the example of this invention is 
excellent in the dynamic oxidation resistance at the time of using it as a tool of hard anodic oxidation 
coatings, and according to friction, and took into consideration the balance of internal stress, the 
adhesion force, hardness, and toughness to these is used together: This invention corresponds to dry type 
high-speed-cutting processing enough. 
[0027] 

[Effect of the Invention] like the above, since [ / the oxidation resistance and low friction which were 
excellent compared with the conventional covering tool ], in dry type high-speed-cutting processing, it is 
maricedly alike, a long tool life is acquired, and the hard-anodic-Oxidation-coatings covering tool of this 
invention is very effective in improvement in the productivity in cutting. 

[Translation done.] 
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2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the hard-anodic-oxidation-coatings covering tool which comes to prepare hard anodic 
oxidation coatings in a base front face these hard anodic oxidation coatings (NxO 1-x (Til-a-bSiaVb)) 
however, with 0<=a<==0.5, 0.1<=b<=0.7, 0.5<=x<=0.999, and the A horizon that comes out and consists 
of chemical composition shown (TiAl) However, the hard-anodic-oxidation-coatings covering tool 
characterized by carrying out the laminating of the B horizon which consists of chemical composition 
shown by 0.5<=y<=0.999 more than two-layer by turns (NyOl-y). 



[Translation done.] 
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